and were washed twice with phosphate-buffered saline (PBS). Immunophenotypically most B lineage acute lymphoblastic All samples were taken after informed consent from the leukemias (ALL) have immature B cell characteristics patients and/or their parents. The 14 patients were morpho-(CD10 +/− CD19 + sIg − ). 2, 3, 6 Over half the cases of B lineage ALL logically diagnosed as L1 or L2 according to the Frenchlack cIg, and are called 'early pre-B' ALL, and remaining American-British classification system. All leukemia samples cases, which express cIg, are termed 'pre-B' ALL. This classiwere CD10 + CD19 + CD20 − HLA-DR + sIg − except cases 5 and 9, fication has been thought to parallel that of normal B cell which samples were CD10
had one rearranged allele in the IgH chain locus. In this study, we tried to clarify the reason why 'early pre-B' ALL cells do not express cIg from the amount and productivity of theIntroduction chain transcripts. Next, we compared those sequences with the -chain transcripts in the normal counterparts Immunoglobulin (Ig) gene rearrangement and immunopheno-(CD10 + CD19 + sIg − ) to study the cellular origin of ALL. types are useful diagnostic markers in B lineage malignancies. Most malignancies have a monoclonal rearrangement pattern in their Ig genes and a similar immunophenotype to their counterparts in B cell ontogeny. [1] [2] [3] [4] In B cell development, most immature B cell precursors, peripheral blood of 14 patients with ALL by Ficoll-Hypaque production of the IgL-chain causes the expression of surface (Pharmacia, Uppsala, Sweden) density gradient centrifugation, -chain (sIg), which is characteristic of B cells. 5 and were washed twice with phosphate-buffered saline (PBS). Immunophenotypically most B lineage acute lymphoblastic All samples were taken after informed consent from the leukemias (ALL) have immature B cell characteristics patients and/or their parents. The 14 patients were morpho-(CD10 +/− CD19 + sIg − ). 2, 3, 6 Over half the cases of B lineage ALL logically diagnosed as L1 or L2 according to the Frenchlack cIg, and are called 'early pre-B' ALL, and remaining American-British classification system. All leukemia samples cases, which express cIg, are termed 'pre-B' ALL. This classiwere CD10 + CD19 + CD20 − HLA-DR + sIg − except cases 5 and 9, fication has been thought to parallel that of normal B cell which samples were CD10 Laboratories, Detroit, MI, USA; 10 g/l Bacto-yeast extract, (SDS-PAGE), and electroblotted onto Immobilon PVDF memDifco Laboratories; 5 g/l NaCl). Single-stranded phage DNA branes (Millipore, Bedford, MA, USA). The protein blots were was prepared from these cultures, and sequenced using the incubated in PBS containing 3% non-fat dry milk powder, and fluorescein-conjugated universal primer on a DNA sequencer then incubated with peroxidase-conjugated anti-human IgM (373-A; Applied Biosystems, Foster City, CA, USA) as (Dakopatts). The membranes were washed with PBS containdescribed. 16 When all clones had a matched IgH variable ing 0.5% Tween 20, and stained with a Konica-Immunostain region sequence, we concluded that the sequence was kit (Konica, Tokyo, Japan).
derived from the leukemia sample.
Extraction of RNA and Northern blot analysis Preparation of PCR-amplified -chain cDNA libraries from normal immature B cells
Total cellular RNAs were extracted from the leukemia cells and the normal counterpart cells using the guanidium The cDNA was prepared from the normal immature B cells isothiocyanate/cesium chloride method. 14 Approximately as described above. The IgH variable region genes were 10 g of total RNA was electrophoresed in a 1.0% agarose amplified with the primer corresponding to the V H 3 and V H 4 gel containing 2.2 M formaldehyde, and was stained with ethifamily-specific leader sequences as the forward primers dium bromide. The RNA was then transferred on to Hybond-(V H 3, 5′-GGGAATTCGAGTTTGGGCGAGCTGG-3′; V H 4, 5′-N + membranes (Amersham International, Bucks, UK). For the GGGAATTCCTGGTGGCAGCTCCCAGA-3′) and the Cdetection of -chain transcripts, a 1.2 kb EcoRI-EcoRI fragspecific antisense primer. The forward primers contained an ment covering the constant region gene of the -chain (C) 15 EcoRI site, which was indicated by underlines. Amplified prowas labeled with digoxigenin (DIG)-dUTP by using a DNA ducts were separated through an 8% polyacrylamide gel, then labeling kit (Boehringer Mannheim Yamanouchi, Tokyo, fragments spanning 250-600 bp were isolated and cloned as Japan). ␤-actin cDNA probe was used as the control. described above. Recombinant plaques were randomly Hybridization was performed under the following condition:
picked up and sequenced. 50% formamide, 5 × SSPE, 5 × Denhardt's solution, 0.5% SDS, 0.1 mg/ml salmon sperm DNA, and 100 ng/ml labeled DNA overnight at 50°C. Membranes were washed once with Analysis of the sequence data 2 × SSPE, 0.1% SDS at room temperature, twice with 1 × SSPE, 0.1% SDS at 50°C, and finally rinsed in a washing buffer (0.1 M maleic acid pH 7.0, 0.15 M NaCl, 0.3% (v/v) Tween Sequence data were assigned to the V H , D, J H and N regions according to the published germline sequences. 17-26 Determi-20). DIG-dUTP-labeled probes were detected by enzymelinked immunoassay, using an alkaline phosphatase-conjunation of the V H gene, and analysis of the somatic mutations, were performed using sequence analysis software (DNASIS; gated anti-digoxigenin antibody (Boehringer Mannheim Yamanouchi). A subsequent enzyme-catalyzed color reaction Hitachi Software Engineering, Yokohama, Japan) with the GenBank database on a personal computer (PC-9801 FA; was performed with 5-bromo-4-chloro-3-indolyl phosphate and nitroblue tetrazolium salt (Boehringer Mannheim NEC, Tokyo, Japan). The borders of frame work regions (FR) and CDR were determined as described by Kabat et al.
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Yamanouchi). The signals of the transcripts were measured by densitometry, and the relative intensity was determined as a Statistical analyses were performed by the modified Student's t-test and the 2 test. ratio to the intensity of each ␤-actin signal. Results assigned to one of the known germline D and J H gene segments ( Table 2 ). The DXP gene family was most frequently used, followed by the DLR gene family. The D gene segment
Detection of the -chain and -chain transcripts in ALL samples
was not determined in case 14. The J H usage was predominantly biased towards J H 4, followed by J H 6 and J H 5. Somatic mutations of each V H gene segment were determined by comCytoplasmic -chain was detected in cases 1-6 (Table 1) by the immunofluorescence method. Immunoblotting analysis parison with their most homologous germline counterparts. The mutation ratio in the V H gene segments was 0.7% on revealed a single band in these cases, of approximately 75 kDa, which is comparable to the molecular mass of the average, and 0.6 and 0.9% in the framework regions (FR) and the CDR, respectively ( Table 3 ). The replacement/silent (R/S) reduced -chain (data not shown). In cases 7-14, neither immunofluorescence nor the band was detected. ratios of mutations in V H , FR, and CDR were 1.7, 1.4 and 3.0, respectively. There was no intraclonal variation in the The -chain transcripts in the ALL samples were analyzed by Northern blotting, and their intensities were quantified by sequences. The length of the CDR-3 nucleotide sequences was 50.0 ± 15.5 bp, and there was no difference between cIg + densitometry ( Figure 1 , Table 1 ). In the cIg − ALL samples, the signals of the -chain transcripts were weak, except in case ALL and cIg − ALL (48.5 ± 20.6 vs 51.1 ± 11.9 bp) (Table 4) . Notably, the -chain transcripts in cases 1-6 and 14 were 11 (lane 11 in Figure 1 ). In the cIg + ALL samples, signals were all significantly stronger, except in case 3 (lane 3 in Figure 1 ). in frame, whereas those in cases 7-13 were out of frame within each CDR-3. Stop codons were found in cases 7, 8, Short bands of the -chain transcripts such as germline transcripts were not observed. These findings indicate that the cIg + 11 and 14 (Table 1, Figure 3) . Accordingly, the -chain transcripts in cases 7-14 were non-productive, all of which were ALL samples expressed greater amounts of -chain transcripts than the cIg − ALL samples. cIg − ALL samples ( Table 1) .
Analysis of the IgH variable region genes in the -

Analysis of the IgH variable region genes of thechain transcripts in the ALL samples chain transcripts from normal immature B cells in BM
Immunostaining analysis showed that the majority of immaSequences of the -chain transcripts were determined in all the 14 ALL samples (Figure 2 ), and they were tentatively ture B cells (CD10 + CD19 + sIg − ) in BM had cytoplasmic -chain (data not shown). To obtain -chain cDNA libraries, we used assigned to one of the known germline V H gene segments ( Table 1) . The V H 3 and V H 4 family genes were used in eight forward primers corresponding to the V H 3 and V H 4 familyspecific leader sequences and reverse primer corresponding and four samples, respectively. The V H 1 and V H 5 gene families were each used once. The CDR-3 sequences were to the constant region for the PCR amplification. We con-
Figure 1
Northern blot analysis of the -chain transcripts. All the 14 ALL samples contained the -chain transcripts to varying degrees. The applied mRNA was also hybridized with a ␤-actin probe. Lanes 1-14 correspond with cases 1-14, respectively.
Figure 2
The CDR-3 sequences of the -chain transcripts. V H , D and J H sequences are typed in capitals, and the N region sequences are in small letters. In case 11, the 3′ end of the V H gene was deleted. In case 13, the D gene segment was not determined. Stop codons are underlined. The CDR-3 sequences in cases 4, 8 and 14 were matched with those previously determined.
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Table 2a
Usage Because of the shortened 5′ side of the J H gene segments, we were unable to determine whether 3 J H gene elements were derived from J H 4 or J H 5 gene segment.
Table 3
Mutation of the V H genes used in normal immature B cells and ALL reported, CDR-3 may be longer in non-productive than in productive sequences. 30 In this study, since the number of ALL a Significantly longer than the CDR-3 of normal immature B cells.
FR mutation R/S of FR
samples analyzed was small, it was not determined whether
short CDR-3 in the ALL samples were derived from the abortive sequences or not. In our previous study of a CD10 + CD19 + sIg − population, however, the DNA had longer structed the V H 3-and V H 4-cDNA libraries from three BM samples. From each library 20 clones were randomly picked CDR-3 than the transcripts regardless of their productivity, suggesting that DNA reflects primordial V H -D-J H gene up and sequenced, thus a total of 120 clones were analyzed. The usage of D and J H segments was similar to that in the ALL rearrangement in B cell development. 29 The long CDR-3 sequences in ALL might reflect the primary IgH gene samples ( Table 2 ). The DXP gene family was frequently used, followed by DK, DLR and DN gene families. Among J H gene repertoire before negative selection. What do the above findings imply as to the cellular origin segments, J H 4 was most frequently used, followed by J H 6 and J H 5 ( Table 2) .
of ALL? One possibility is that 'pre-B' ALL originates from the CD10 + CD19 + sIg − population in the BM, while 'early pre-B' The mutation rates of total V H 3 and V H 4 gene families were similar to that in the ALL samples: 1.0, 0.8 and 1.5%, in V H , ALL arises from an earlier population which ought to be negatively selected. Another possibility is that both types of ALL FR and CDR, respectively. Their R/S ratios in V H , FR and CDR were 1.4, 1.0 and 3.1, respectively (Table 3) . In this study, we occur at a particular developmental stage in which the Ig genes are being rearranged. If the V H -D-J H gene rearrangeobtained 33 clones of the 4-34 (DP63) sequence, which was the most frequent V H 4 family gene in the immature B cell fracment happens to be productive in a transformed cell, the phenotype would be cIg + , so-called 'pre-B' ALL. Adversely, if tion. Twenty-four of the 33 clones contained somatic mutations (rate: 0.004-3.3%), while the remaining nine clones non-productive, the phenotype must be cIg − , 'early pre-B' ALL. In this case, the ratio of cIg − ALL to cIg + ALL patients did not. The mean mutation rate of the 4-34 sequence was 1.05%. Similarly, other V H genes had various rates of may reflect the incidence of non-productive V H -D-J H recombination in the B cell stem cell population. From the view mutations in addition to germline sequences (data not shown). These data confirmed that somatic mutations really occur point of leukemogenesis, an accidental joining of two separate genes, or a deletion of gene fragments during V H -D-J H recomeven at the stage of pre-B cells. Notably, the length of CDR-3 in the CD10 + CD19
+ sIg − population was shorter than that in bination, which is an error-prone process, is one of the most plausible mechanisms in ALL. Although t(12;21) and t(9;22) ALL cells (40.8 ± 12.7 vs 50.0 ± 15.5 bp, P = 0.01, 31 This evidence indicates the possibility of the the 120 clones had a frame shift within its CDR-3 (Table 4 ). These data suggest that the normal CD10 +
CD19
+ sIg − popudevelopmental stage-specific translocation. However, this is also explained by distinct functional properties of the chimeric lation in the BM is not genotypically comparable with the ALL samples.
oncoproteins, E2A-PBX1 and E2A-HLF, generated by these translocations. For example, E2A-HLF inhibits apoptosis in pro-B cells, which may be associated with the leukomogenesis in the stage of pro-B cells. 32 Studies on the breakpoints Discussion sequences of t(12;21) or deletion of p16, the most common translocation or deletion in childhood B lineage ALL, respectIn this study, we showed that the CD10 +
+ surface Ig − population in BM might not simply be the cellular origin of ively, 33, 34 would elucidate the involvement of the V H -D-J H recombinase in ALL. immature B lineage ALL. One of the reasons is that most CD10 + CD19
+ sIg − cells in the BM contained productiveClinically it was reported that the children with 'early pre-B' ALL had a better outcome than those with 'pre-B' ALL, chain transcripts, whereas immature B lineage ALL had either productive or non-productive -chain transcripts. During noralthough recent data have shown that they have a similar favorable prognosis. 6 By nature, B precursor ALL cells are ultramal B cell development, the V H , D and J H genes are antigenindependently assembled.
27,28
Nearly two-thirds of the sensitive to apoptosis-inducing drugs or ionizing radiation. 35 Because early pre-B cells might be in a death-prone stage in rearrangements result in a non-productive rearrangement, because some D segments contain stop codons and the J H which the production of the functional -chain may suppress apoptotic signals, patients with 'early pre-B' ALL might have reading-frame is fixed. According to the regulatory and allelic exclusion model, the population with non-productive a better prognosis than those with 'pre-B' ALL. Concerning the structure of rearranged IgH genes in ALL, rearrangements undergoes further rearrangements in the other allele, and similarly, about two-thirds are non-productive there are many reports, 10,11,36,37 although most of them ana-
